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An unprecedented equilibrium between the fulvene—complex type of structure
(closed—shell singlet) and spin—coupled but structurally not—-isomerized structure
(open—shell singlet) in the two—electron oxidized bis(ruthenocenyl)thiophene
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2,6-bis(2’,3’,4° 5’ —tetramethylruthenocenyl)thiophene 73 1,4- bis(2’,3”,4’,5° —tetramethylruthenocenyl)buta—
1,3-diyne & NaSH LD THMSIZ. ZOSERIHE FIWHIC 2 B LE TSV, 20 2 B,
PO 22 TE 7 2 B I A A oz, IRERIFIEA 7R T H NMR A NVEASRUTZ. 2028, 20 2 E 1k
{KIZ31F% closed-shell singlet & open-shell singlet DO FFAED RIREM A HEHIS B 5.

2,5-bis(2’,3’,4° 5’ —tetramethylruthenocenyl)thiophene was prepared from the reaction of bis(2’,3’,4’,5" -
tetramethylruthenocenyl)buta—1,3—diyne with NaSH. The complex was exhibited quasi-reversible two—electron
redox behavior. Its two—electron oxidation gave the relatively stable two—electron oxidized species, which showed a
temperature-dependent 'H NMR spectrum. This suggests a possible presence of the equilibrium between

open—shell singlet and closed—shell singlet.
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1,4-bis(2’,3’,4’ 5’ —tetramethylruthenocenyl)buta—1,3-diyne %7 /L2 Z5F5& ¢ NaSH & DMF # 100°C T
44 BRI EDE, IR 76% T 2,5-his(2°,3”,4° 5’ —tetramethylruthenocenyl)thiophene(1) 25 £ & 317~
(Scheme).
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Fig. I. ORTEP view of 1

SERQDY A7V 7R NZ AR —TIE, 0.190 V & 0.140 V (25U FREE DR LI LB Tl 2t 2 HUBiE L
7o, W7 —a AN =" B ELNEE T n,, = 2.1 THY, ThHD 1 BRSO 2E TR B Tl Ch oz L%
TR, [R5 IR AR L A CASE S NIV T B 3R CHBIERS L TVA. 30 SERMN DL,
N1 bis(ruthenocenyl)thiophene D41 " JVHIEL, 27 T LIAN L E CTHHZ LA HEHISE .

BEIR)ZOK T T CH,CL, 25 50D p-benzoquinone-BF,OEL, THAL T 5L, EBEDIR@MMFHNIZ. ZD
AT T — —HIRAE T AU S LEI I E Th-o 7. $514(2)7> CDNO, ¥k (FR1E ) o 'H
NMR ZA7MUE —25°CT62.19, 2.23, 2.27, 2.35 12 -CMeBRDAKDAF )V 7 F VG2 1. ZOZ 4T,
BEAR@I T LA ATIORETERAVE B> TND T EZ 7R/ TV (Scheme) . “C NMR AT ML Z OHEf
ZXFRIL QD (FEBROEZIR) . — 5, [RICERIED 20°CTOD 'H NMR ALV CIE, 17-CMeBRDARD AT
NIETHIL C2ARD L7 F VUS> o72 (5 2.24, 2.33). ZOZENE, 17-CMe,~ERD AT /LIRS IERIFAR
IREBRBEICIRN S EIRL,, T4 7 = B - CMe, BRI ATV B NARBE O 7= O I E AU T SRR EA(2B) &
AL WD EARRL CD. SR CHIZESIIZEEARQ)D UV-Vis A~ZNL T, pentamethylruthenocenyl
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Fig. 2. Variable temperature *H NMR spectra of 2.
(@-25°C, (b)-15°C,(c)-6°C, (d) 10°C, (e) 20°C

EEAN2)D SVWN/6-311G"” Z V= DFT B, HaiitiEn n-CoMe, BRET A7 = VBRI T ChHDH 2A T
HHZEARUIZ(K3) . DT VF— L =HIREE (L1 TS DD 140 kjmol KA >72. 7-C.Me, B
T AT = U BRERESTESEAVOERRIFTRETHY, =X —% EHIE20, ZHEOHREITTLLARRS
W a R~ U, B = EHEE T W —BEE T WIS C&AHEL T broken—symmetry (BS) DFT 44
LizbZ A, $ERQD M OIRRERNZ T/ NS =) VX —ZE LD -T2, ED k, BS-DFT FHREMNDRD T
WS BT D p-CMe,BRLTF 47 = BROEHAAIE 42° | [HHAREET 12 k]mol-1 TiHh-7= (X4) . ZhbHo
FEED, BEN2)2 DD EART R /LF—IRAE 2A (closed—shell singlet) & 2B (open—shell singlet) Z¥F>Z &%
TARESe<IF720.

Fig. 3. Optimized geometry of closed singlets state of 2
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Fig. 4. BS-DFT calculation of 2

HPEEE AR OREEDOHEIS A IS, SEAR@IZIVTH 7-CMe, BRIE, Re’ 5D Me FEDNIKREEDT-
DI, TA T 2V BREF—FEE LR, 207D, $ERQOREE BRI (LIZAES I, MR LR 2A
(closed—shell singlet)DZZEMEIFAL FL, FiEHEEL T 2B (open—shell singlet) DOTF/EA[REMAEL S, 2A 2 2B
DFra ELSEDEB R BND. DO RREDFENNE EHILOE I GMEDOHIRAS open—shell 1,3-biradical
LEMIZFEGT DLV HMEDLHDHD T, CDNO, DL E U EMED Re’ IO ES ZOHENZ SR 5L 8
D,

EERDER
2, 5-bis(2’,3’ ,4’ ,5’ —tetramethylruthenocenyl)thiophene (1).

1,4-bis(2’,3” 4’ 5’ —tetramethylruthenocenyl)buta—1,3—diyne (106 mg, 0.17 mmol)& NaSH (250 mg, 4 mmol) DR
AWz, Ar F5HHK T C DME (10 mDH 100°C T 44 IRFAIBAL 72, A%, ZKEOmD) TARL, U7 fbdna Al
L TR R T, WAB EafhtAk(85 mg, T60MFHALT. FRfiin T D llEL A& DB fE(m.p.
209.5-210.5 ‘C):7p 7=, SEBRE: C, 58.30; H, 5.39%. #HAE, CyHySRu, @ C, 58.69; H, 5.54%.  'H NMR
(C¢Dsg, 400MHz): 62.016 (s, 12H, Me), 2.021 (s, 12H, Me), 4.33 (s, 10H, 7-C,H,), and 6.74 (s, 2H, =CH). "“C
NMR (C¢Dg, 75 MHz): §12.37 (Me), 12.89 (Me), 73.05 (77-C;Hy), 84.39 (ipso —17-C;Mey), 85.96 (7-C;Me,), 86.28
(7-C:Me,), 128.08(=CH), and 140.17(=C-S).

IR DILERRIE.

N, FZPHS T T, 1(20.5 mg, 0.03 mmol) & p~~/'% /2(6.3mg, 0.06 mmol) ¢ CH,CL%&ikA 0°CITHEIL, =
FUZ BF,0Bt, (FrEZU—03020) & MNZ 5 /ML=, R 1RRIEREL, AU E AL~ 2 T
L7=. BB ARsE s (17 me). FEBRE: C 46.31, H 4.35; 318, C,HyB,FSRu,: C 46.39; H 4.38. 'H
NMR spectrum (CD,NO,, 400 MHz, —25°C): §2.19 (s, 6H, Me), 2.23 (s, 6H, Me), 2.27 (s, 6H, Me), 2.35 (s, 6H,
Me), 4.98 (s, 10H), and 7.73 (s, 2H). 'H NMR spectrum (CD,NO,, 400 MHz, 20°C): 62.24 (s, 12H, Me), 2.33 (s,
12H, Me), 4.99 (s, 10H), and 7.79 (s, 2H). "C NMR (CD,;NO,, 100 MHz, -20°C): & 9.54 (2xMe), 10.51 (Me),
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10.70 (Me), 87.45 (5-C;Hy), 89.03 (1-C;Me,), 93.33 (1-C:Me,), 95.08 (ipso-1-C:Me,), 106.62 (7-C;Me,), 107.01
(1-C:Me,), 124.12 (=C-S), and 134.13 (=CH).
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